Online Resource 1 – Maximal hoop stress developed in the lining of a tunnel excavated with a single shield TBM at the state of equilibrium (comparison between different calculation methods) by DE LA FUENTE, Manuel et al.
Rock Mechanics and Rock Engineering 
 
Applicability of the convergence-confinement method to full-face 
excavation of circular tunnels with stiff support system  
 
Online Resource 1 – Maximal hoop stress developed in the lining 
of a tunnel excavated with a single shield TBM at the state of 
equilibrium (comparison between different calculation methods) 
 
 
Manuel DE LA FUENTE1,2,  
 
Reza TAHERZADEH1,  
 
Jean SULEM2,  
 
Xuan-Son NGUYEN1,  
 
Didier SUBRIN3  
 
1Tractebel Engie, 5 Rue du 19 Mars 1962, 92622 Gennevilliers, France 
2Laboratoire Navier/CERMES, Ecole des Ponts ParisTech, IFSTTAR, CNRS, Université 
Paris-Est, 6, 8 Avenue Blaise Pascal, 77455 Marne la Vallée, France, Email: 
jean.sulem@enpc.fr, Phone : +33164153545 
3Centre d’Etudes des Tunnels (CETU), 25 Avenue François Mitterrand, 69674 Bron Cedex 1, 
France 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Comparison of ∗ between the different approaches when ∗=10 and ф=20° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 
Comparison of ∗ between the different approaches when ∗=10 and ф=20° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 Comparison of ∗ between the different approaches when ∗=10 and ф=20° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 
Comparison of ∗ between the different approaches when ∗=10 and ф=25° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 Comparison of ∗ between the different approaches when ∗=10 and ф=25° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 
Comparison of ∗ between the different approaches when ∗=10 and ф=25° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 Comparison of ∗ between the different approaches when ∗=10 and ф=30° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 
Comparison of ∗ between the different approaches when ∗=10 and ф=30° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 Comparison of ∗ between the different approaches when ∗=10 and ф=30° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 
Comparison of ∗ between the different approaches when ∗=10 and ф=35° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 Comparison of ∗ between the different approaches when ∗=10 and ф=35° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 
Comparison of ∗ between the different approaches when ∗=10 and ф=35° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 Comparison of ∗ between the different approaches when ∗=12.5 and ф=20° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 
Comparison of ∗ between the different approaches when ∗=12.5 and ф=20° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 Comparison of ∗ between the different approaches when ∗=12.5 and ф=20° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 
Comparison of ∗ between the different approaches when ∗=12.5 and ф=25° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 Comparison of ∗ between the different approaches when ∗=12.5 and ф=25° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 
Comparison of ∗ between the different approaches when ∗=12.5 and ф=25° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 Comparison of ∗ between the different approaches when ∗=12.5 and ф=30° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 
Comparison of ∗ between the different approaches when ∗=12.5 and ф=30° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 Comparison of ∗ between the different approaches when ∗=12.5 and ф=30° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 
Comparison of ∗ between the different approaches when ∗=12.5 and ф=35° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 Comparison of ∗ between the different approaches when ∗=12.5 and ф=35° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 
Comparison of ∗ between the different approaches when ∗=12.5 and ф=35° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 Comparison of ∗ between the different approaches when ∗=15 and ф=20° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 
Comparison of ∗ between the different approaches when ∗=15 and ф=20° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 Comparison of ∗ between the different approaches when ∗=15 and ф=20° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 
Comparison of ∗ between the different approaches when ∗=15 and ф=25° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 Comparison of ∗ between the different approaches when ∗=15 and ф=25° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 
Comparison of ∗ between the different approaches when ∗=15 and ф=25° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 Comparison of ∗ between the different approaches when ∗=15 and ф=30° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 
Comparison of ∗ between the different approaches when ∗=15 and ф=30° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 Comparison of ∗ between the different approaches when ∗=15 and ф=30° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
 
Comparison of ∗ between the different approaches when ∗=15 and ф=35° for 
incompressible plasticity ( = 0). Classical methods on the left column and implicit methods 
on the right column 
 Comparison of ∗ between the different approaches when ∗=15 and ф=35° for non-
associate plasticity ( = ф/3). Classical methods on the left column and implicit methods on 
the right column 
 
Comparison of ∗ between the different approaches when ∗=15 and ф=35° for associate 
plasticity ( = ф). Classical methods on the left column and implicit methods on the right 
column 
